Abstract. The use of optimization techniques has been recently proposed to build models for software development effort estimation. In particular, some studies have been carried out using search-based techniques, such as genetic programming, and the results reported seem to be promising. At the best of our knowledge nobody has analyzed the effectiveness of Tabu search for development effort estimation. Tabu search is a meta-heuristic approach successful used to address several optimization problems. In this paper we report on an empirical analysis carried out exploiting Tabu Search on a publicity available dataset, i.e., Desharnais dataset. The achieved results show that Tabu Search provides estimates comparable with those achieved with some widely used estimation techniques.
Introduction
Several methods have been proposed in the literature to estimate software development effort. Many of them, named Model-Based, exploit data from past projects in order to estimate the effort for a new project under development [3, 4, 41] . These data consist of some relevant factors of the software projects, named cost drivers, and the actual effort spent to develop the projects. In this class, we can find some widely used techniques, such as Linear and Stepwise Regression (LR and SWR), Classification and Regression Tree (CART), and Case-Based Reasoning (CBR) [5] .
In the last years, some researchers have analyzed the use of genetic algorithms [18] to address the effort estimation problem, reporting results which encourage further investigations (e. g., [7, 15, 32] ).
Genetic algorithms are search-based approaches that exploit techniques inspired by evolutionary biology to address optimization problems [22] . Indeed, effort estimation can be seen as an optimization problem, where we have to search for the most accurate estimate, i.e. the one that minimizes the difference with the actual effort. There exist other search-based techniques that have been found to be very effective and robust in solving numerous optimization problems. In particular, Tabu search is an approach that has been applied to a wide range of application domains ranging from telecommunication and transport, to network design and parallel computing [17] . As for software engineering Tabu Search has been successfully applied for software testing [1, 12, 13, 14] , for object replication in distributed web server [34] and for Software-Hardware Partitioning [31] . To the best of our knowledge nobody has analyzed the effectiveness of Tabu search for development effort estimation. Thus, in this paper we report on an empirical analysis carried out by applying Tabu Search on a publicity available dataset, i.e., Desharnais dataset [11] . In particular, the specific contributions of this work are:
-the definition of a Tabu Search algorithm for effort estimation; -the analysis of the estimation accuracy of the proposed approach; -the comparison of the effectiveness of the proposed approach with widely used estimation methods, i.e. SWR and CBR;
The remainder of the paper is organized as follows: Section 2 provides a brief description of the Tabu Search approach and presents the Tabu Search algorithm we used to estimate development effort. The design of the case study we performed is summarized in Section 3, while the results of the performed empirical analysis are presented in Section 4. Related works are described in Section 5 while some final remarks and an analysis of future work conclude the paper.
Using Tabu Search for Software Development Effort Estimation
In the following we first provide a brief description of the Tabu Search and then we give some details of the Tabu Search algorithm we designed for effort estimation.
Tabu Search
The Tabu Search (TS) is an optimization method proposed originally by Glover aiming at overcome some limitations of Local Search (LS) heuristics [17] . As in classical LS, a general step of the TS optimization process consists in constructing from a current solution i a next solution j and in checking whether one should stop there or perform another step. Indeed, TS is a neighbourhood search method in which a neighbourhood N(i) is defined for each feasible solution i, and the next solution j is searched among the solutions in N(i).
In contrast to traditional LS heuristics, Tabu Search is based on the premise that problem solving, in order to qualify as intelligent, must incorporate adaptive memory and responsive exploration [17] . The adaptive memory feature of TS allows the implementation of procedures that are capable of searching the solution space economically and effectively. Since local choices are guided by information collected during the search, TS contrasts with memory-less designs that heavily rely on semirandom processes that implement a form of sampling. Examples of memory less methods include semi-greedy heuristics and the prominent genetic and simulated annealing algorithms. The emphasis on responsive exploration in TS derives from the supposition that a bad strategic choice can yield more information than a good random choice. Responsive exploration integrates the basic principles of intelligent search, i.e., exploiting good solution features while exploring new promising regions.
